Introduction
We have carried out a single-crystal X-ray struc ture analysis o f the title compound (1) as a part of a systematic study o f agonists o f the natural neuro transmitter acetylcholine (2) . In this paper primarily the stereochemical and crystallographic results are to be discussed. The general conclusions drawn from this and a series o f X-ray structure analyses of cholinergic agonists [2] with respect to the structureactivity relationships in preliminary form are pub lished separately [1, 3] and will be published in detail in the near future [4] . O
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The cation o f 1 is a derivative o f acetylcholine, in which the ester oxygen is substituted by a methylene group. This chemical modification results in the 0341-0382/82/0300-0282 $01.30/0 exhibition o f almost exclusively nicotinic activity in 1. Its muscarinic activity is only very weak [5, 6] . Experimental 1 was synthesized following specifications given in the literature [5, 6] . Colourless, hygroscopic crys tals were obtained by recrystallization from absolute ethanol. For the X-ray investigation a crystal o f dimensions 0.18x0.21 x0.71 mm was sealed under dry argon atmosphere in a Debye-Scherrer capil lary. Rotation, Weissenberg and precession photo graphs yielded an unambiguous determination o f the space group and preliminary lattice constants. The final lattice constants were determined by the exact angle positions o f specifically chosen reflec tions by aid o f an automatic single-crystal diffracto meter (Siemens AED, off-line). The crystallographic data are summarized in Table I . With the diffracto meter mentioned above 1119 independent reflec tions were recorded using Cu K a radiation (N i filter) up to a maximum scattering angle o f 0 = 70 ° (5-point measurement, 0/2 0 scan mode, maximum of measuring time: 1.2 sec/10-2 ° (6>), minimum: 0.06 sec/10-2 0 (6>). 42 of the recorded reflections were 
Solution o f the structure and refinement
The reflection intensities were corrected for Lorentz and polarization effects in the usual way. No absorption correction was applied. E value statistics confirmed the existence o f a noncentrosymmetric space group. For most o f the computer calcu lations a special version [7] o f the X -R A Y 67 pro gram system [8] was used with a Siemens 4004 com puter, but also an IBM 360/91 and an Amdahl 470 computer were employed. The atomic scattering fac tors for C, N, O and Cl~ were taken from Internatio nal Tables for X-ray Crystallography [9] and those for H are given by Stewart, Davidson and Simpson [ 10] .
By way of a Patterson synthesis the position of the chlorine atom was determined. A Fourier syn thesis which was phased by the chlorine atoms yielded the positions o f all non-hydrogen atoms.
The least squares refinement (unit weights, full matrix), with anisotropic temperature parameters for all non-hydrogen atoms and isotropic ones for the hydrogen atoms, converged to an R -value o f (8) indicate with 6.0 and 6.2 A2, respectively, a relatively high temperature factor in comparison to those of the other non-hydrogen atoms, which range from 2.7 to 4.2 A2. This phenomenon could mean either a greater thermal motion o f 0 (1 ) and C (8), which can be described as a rotation around the C(7)-C(8) bond, or it could be interpreted as a partial disorder. In any case the shortening of the bond lengths there fore cannot be regarded as real. On the other hand it expresses a certain conformational flexibility of the cation. The conformational flexibility o f neuro transmitter cations is regarded in the literature as H (7) H (12) H(l) H® H01) H<14> one of the conditions for its physiological function
The bond angles defined by non-hydrogen atoms are given in Table III . The conformation o f the cation is described by the torsion angles rl-r4 (Fig. 2) , which are compared with those found from acetylcholine chloride (AcCh Cl) [12] , acetylcholine bromide (AcCh Br) [13] and acetylcholine iodide (AcChI) [14] (Table IV) . Each o f the acetylcholine salts exhibits for t 2 a gauche-and for r4 a transconformation. In contrast to these findings, 1 ex Table III . Bond angles defined by the non hydrogen atoms o f the cation o f 1. Standard deviations in the least significant digits.
112.9 (9) C (4 )-C (5 )-C (6 ) 109.3 ( 10) C (5 )-C (6 )-C (7 ) 110.4 ( 11) C (6 )-C (7 )-C (8 ) 116.7 ( 11) C ( 6 ) -C ( 7 ) -0 ( l ) 121.9 ( 12)
hibits a /ra«s-conformation for t2 and a skewconformation for r4. A mz/w-conformation of t2 is also displayed by the cations o f acetylthiocholine bromide and acetylselenocholine iodide [15] . In this cations in comparison with acetylcholine the ester oxygen was replaced by its higher homologs sulfur and selenium. In Fig. 3 the conformation o f the cation o f 1 is compared with a conformation (1 a) in which the torsion angle t 2 is the same as that o f acetylcholine (t2 = 80°). As can be seen in Fig. 3 in conformation 1 a there is an additional short H ---H contact distance between a methyl group o f the quaternary ammonium group and the methylene group posi tioned in the same position as the ester oxygen in acetylcholine. The convolution o f conformation la into 1 is obviously caused by the replacement o f the ester oxygen o f acetylcholine by the bulkier CH2 group. As mentioned, the substitution o f the ester oxygen in acetylcholine by the bulkier sulfur or selenium results in the same change in conforma tion. Also in this case a too small contact distance between a CH3 group o f the quaternary ammonium group and the atoms which replace the ester oxygen might be the reason for the conformational change.
As it can be shown by CNDO calculation [16] the conformation 1 a is by about 7.3 kcal/mol higher in energy compared with 1. One can conclude from this that 1 also does not attack the receptor in form o f the r2-gauche-conformation to a notable extent. Furthermore the conformational change o f the cation in 1 compared with acetylcholine concerning t4 is correlated with the replacement o f the ester oxygen by a methylene group (Fig. 4) . The 7r-interaction in the ester group o f acetylcholine forces a planar arrangement o f this group inclusively the carbon o f the methylene group bound to the ester oxygen. The loss o f the ester function in 1 allows this carbon to deviate from a planar arrangement, resulting in a diminuation of the non-bonding inter action between the carbonyl oxygen and the vicinal CH2 group. In acetylcholine itself the repulsion of these groups is over-compensated by the gain of mesomeric energy o f the carboxylate group.
Crystal structure
The crystal packing is essentially fixed through the Coulomb-interaction o f the trimethylammonium group with its neighbouring anions (Fig. 5) . Each Table V . a) Short N + -C l" distances [A] in the crystal structure of 1. A, B and C describe the face types o f the tetrahedron o f the (C H 3 ) 3 N +CH2-group, introduced in Fig. 6 . The index o f the Cl anions is defined in respect to the symmetry operation (in parentheses), which is to be applied on the Cl-position given in Table E . (1) 179 (2) 69 (1) 68 ( (1) 67 (1) 65 (1) 175 ( (1) 87 (1) 47 (1) 84 (1) ammonium group is approximately tetrahedrally coordinated through four nearest Cl-anions, each anion by four cationic groups. In Table V CH3(C H 2 ) group and the vector cation-anion is in the ideal case 180°. The four tetrahedral faces o f the trimethyl-alkylammonium group o f cholinergic neurotransmitters can be classified into three types (Fig. 6 ). The type of face A is formed by three methyl groups, the types B and C by two methyl groups and the methylene group o f the carbon chain. Face types B and C are differentiated in such way that an anion, which is brought near face B, " sees" three H-atoms, but brought near face type C " sees" two H-atoms and the carbon (C 5) of the carbon chain. Face B occurs doubled due to a local mirror symmetry.
In Fig. 7 the arrangement o f the four anions nearest to the quaternary ammonium group with respect to this group is represented. As can be seen from Table V a and Fig. 7 , the anions occupying face type B show the shortest distances to N +. The Cl-anion occupying face A has an insignificantly longer (about 0.1 A ) N +-Cl_-distance; in contrast the N +-Cl_-distance o f the anion occupying the C-face is significantly longer. In Table V b the angles between the N+-C1--and N-C-vectors o f the N +C4 group are summarized. The N +-Cl7-vector is not only the longest but also the one wich differs mostly from the ideal direction. The ideal direction, assum ing an undistorted tetrahedron for the N C 4-group, requires for three o f these angles a value o f 70.5° and for one angle a value of 180°.
As we could show by the comparison o f the struc ture analyses of salts o f cholinergic neurotrans mitters performed by us or described in the litera ture, the anions which occupy faces o f type B can be used as a model for the anionic adsorption site for the neurotransmitter on the receptor molecule. For the physiological activity o f the cholinergic neuro transmitters it is generally necessary to have a second polar group in addition to the quaternary ammonium group. Consequently not only are the ammonium-anion vectors o f interest, but also the vector triangles formed by the quaternary nitrogen, an anion occupying a face o f type B o f the N +C4 tetrahedron and the second-partially charged centre which is in the case of 1 the carbonyl oxygen. With these " activity triangles" the activity mode can be differentiated into nicotinic and muscarinic. Since in the crystal structure o f 1 both faces of type B of the N +C4 group are occupied by an anion, two " activity triangles" can be found with a characteris tic geometry o f the nicotinic activity mode (Fig. 8) .
Besides the cation-anion interaction, which leads to some Cl----H contact distances shorter than the sum o f the van-der-Waals-radii, there appear in the crystal structure no intermolecular interactions mani fested by unusually short contact distances.
